A bacterial strain designated T was isolated from a reef-building coral in Kenting, Taiwan, and was characterized using a polyphasic taxonomic approach. Strain KTW-12
T was Gramnegative, semi-transparent, slightly curved rod-shaped, and non-motile. Growth occurred at 15-35 6C (optimum, 30 6C), at pH 6.0-9.0 (optimum, pH 7.0-8.0), and with 0.5-6.0 % NaCl (optimum, 2 %). The major cellular fatty acids were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), C 14 : 0 and C 16 : 0 . The DNA G+C content was 47.8 mol%. Phylogenetic analyses based on 16S rRNA gene sequences indicated that strain T was most closely related to
Vibrio porteresiae MSSRF30 T , with 94.8 % gene sequence similarity. Further multilocus sequence analysis using rpoA, recA and pyrH genes also revealed low levels of sequence similarity (74.6-85.0 %) with all species of the genus Vibrio with validly published names. A multigene phylogenetic tree using concatenated sequences of the four genes (16S rRNA, rpoA, recA and pyrH) elucidated that strain T occupied a distinct phylogenetic position, forming a long branch that was not clustered with any other known species of the genus Vibrio. Strain KTW-12 T differed from V. porteresiae MSSRF30 T in the ability to reduce nitrate to nitrite, hydrolysis of chitin, fermentation of sorbitol and production of arginine dihydrolase, valine arylamidase, cystine arylamidase and N-acetyl-b-glucosaminidase. On the basis of phenotypic, chemotaxonomic and phylogenetic distinctiveness, strain KTW-12 T should be classified as representing a novel species, for which the name Vibrio stylophorae sp. nov. is proposed. The type strain is KTW-12 T (5BCRC 80105 T 5LMG 25357 T ).
The family Vibrionaceae belongs to the class Gammaproteobacteria and includes six genera at the time of writing: Vibrio (Baumann & Schubert, 1984) , Photobacterium , Salinivibrio (Mellado et al., 1996) , Grimontia (Thompson et al., 2003) , Enterovibrio (Thompson et al., 2002) and Aliivibrio (Urbanczyk et al., 2007) . The genus Vibrio encompasses a genetically diverse group of heterotrophic marine bacteria that are commonly found in aquatic habitats and in association with marine organisms (Thompson et al., 2004) . Vibrios are Gramnegative, rod-shaped, usually motile, mesophilic and chemo-organotrophic, and have facultatively fermentative metabolism .
Corals harbour a diverse array of bacterial associates (reviewed by Brown & Bythell, 2005) , some of which are thought to be site-and species-specific (Hong et al., 2009; Chiou et al., 2010; Kvennefors et al., 2010) . Coral-associated bacteria are increasingly considered to be important in coral health, and altered bacterial community structures have been linked to both coral disease and bleaching (Rosenberg et al., 2007; Sampayo et al., 2008; Rypien et al., 2010) . Recent research indicates that, although site-specific variations in the bacterial communities of healthy corals are present, host species-specific bacterial associates within a distinct cluster of gammaproteobacteria can be identified, which are potentially linked to coral health (Kvennefors et al., 2010) . It is important to understand the dynamics of the coral-associated bacterial community structures of the healthy and unhealthy corals.
The aim of the present study was to determine the taxonomic position of a Vibrio-like isolate, KTW-12 T , isolated from the reef-building coral Stylophora pistillata collected off the coast of southern Taiwan. To determine the taxonomic position of this isolate, multilocus sequence analysis using the 16S rRNA gene and the genes encoding RNA polymerase alpha subunit (rpoA), recombination repair protein (recA) and uridylate kinase (pyrH) was performed (Thompson et al., 2005; Sawabe et al., 2007) . Based on the phylogenetic analysis, strain KTW-12 T formed a branch that was not clustered with any other known species of the genus Vibrio. This suggested that the isolate represents a novel species of the genus Vibrio.
A coral sample (50 g) was collected in a sterile bag from the Kenting coast (Pingtung County, southern Taiwan) at a depth of 3-8 m (GPS location: 21 u 569 290 N 120 u 449 700 E), stored at 4 u C and transported to the laboratory within 3-4 h. The coral sample was ground to powder and plated on marine agar 2216 (MA; BD Difco) by using the standard dilution plating method. After incubation of the plates at 25 u C for 5 days, strain T was purified as a single colony. The strain was preserved at 280 u C as a 20 % (v/v) glycerol suspension in marine broth 2216 (MB; BD Difco) or by lyophilization with 20 % (w/v) skimmed milk. The most closely related strain, Vibrio porteresiae MSSRF30 T , was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) and used as a reference strain for phenotypic and genotypic tests.
Bacterial cells were observed by phase-contrast microscopy (DM 2000; Leica) in the lag, exponential and stationary phases of growth to ascertain morphology. The motility of cells was tested by the hanging drop and semi-solid agar (Ball & Sellers, 1996) methods. Spot Test Flagella Stain (BD Difco) was used for flagellum staining. The Gram Stain Set S kit (BD Difco) and Ryu non-staining KOH method (Powers, 1995) were adopted for testing the Gram reaction. Colony morphology was examined using a stereoscopic microscope (SMZ 800; Nikon). The optimum pH range for growth was examined in MB using appropriate biological buffers: glycine/HCl, citrate/Na 2 HPO 4 , phosphate buffer and glycine/NaOH for adjusting the pH to 3.0-4.0, 4.0-8.0, 6.0-8.0 and 9.0-11.0 (at 1.0 pH unit intervals), respectively. pH was adjusted prior to sterilization and post-sterilization controls revealed only minor changes in pH. Tolerance to various NaCl concentrations was tested on NaCl-free MB prepared according to the formula of the BD Difco medium, except that the NaCl concentration was altered as required (0, 0.5 and 1.0-8.0 %, w/v, in increments of 1.0 %). Growth at various temperatures (4-50 u C) was measured in MB. Cellular growth was determined by measuring the turbidity (OD 600 ) of cultures grown at various pH, NaCl concentrations and temperatures. Anaerobic cultivation was performed on MA for 5 days of incubation at 30 u C, using the Oxoid AnaeroGen system. Growth on thiosulfate citrate bile salts medium (TCBS; HiMedia) was monitored for 2 days of incubation at 30 u C.
Strain T and the reference strain were examined for a broad range of phenotypic properties. Activities of catalase, oxidase, DNase and lipase and hydrolysis of starch, casein, lecithin and Tweens 20, 40, 60 and 80 were determined according to standard methods (Gerhardt et al., 1994; MacFaddin, 2000) . Hydrolysis of alginate (1 %, w/v, sodium alginate) was tested on MA (Hosoya et al., 2009) . Hydrolysis of chitin was tested using agar medium supplemented with 0.2 % colloidal chitin (Hsu & Lockwood, 1975) . Hydrolysis of CM-cellulose was tested as described by Bowman (2000) using MA as the basal medium. The commercially available API 20E, API 20NE and API ZYM (all from bioMérieux) and MicroPlate GN2 (Biolog) microtest systems were used to determine biochemical properties, enzyme activities and carbohydrate utilization patterns. All commercial phenotypic tests were performed according to the manufacturers' recommendations.
The DNA G+C content of strain KTW-12 T was estimated as described by Mesbah et al. (1989) . The nucleoside mixture was separated by means of HPLC. The DNA G+C content of strain T was 47.8±1.0 mol%, which was well within the range for species of the genus Vibrio, i.e. 38-51 mol% (Farmer et al., 2005) . Biomass of T and V. porteresiae MSSRF30
T was obtained after growing the strains on MA at 25 u C for 3 days. Fatty acid methyl esters were prepared, separated and identified according to the instructions for the Microbial Identification System (Microbial ID; MIDI) (Sasser, 1990) . Strain KTW-12 T contained the major fatty acids of vibrios, i.e. summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 31.5 %), C 14 : 0 (20.0 %) and C 16 : 0 (12.9 %) (Table  1) . However, the fatty acid profile was distinct from that of V. porteresiae MSSRF30 T . In contrast to V. porteresiae MSSRF30 T , strain T possessed fatty acid C 16 : 1 v9c. Furthermore, the quantity of fatty acid C 18 : 1 v7c in strain T was much lower than that found in V. porteresiae MSSRF30 T , while the quantity of fatty acid C 14 : 0 was much higher (Table 1) .
The 16S rRNA gene sequence of strain KTW-12 T was analysed as described by Chen et al. (2001) . Analysis of the sequence data was performed by using the software packages BioEdit (Hall, 1999) and MEGA version 3.1 (Kumar et al., 2004) , after multiple alignments of the data by using CLUSTAL X (Thompson et al., 1997) . Distances (corrected according to Kimura's two-parameter model; Kimura, 1983) were calculated and clustering was performed with the neighbour-joining method (Saitou & Nei, 1987) . Maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) trees were generated by using the treeing algorithms contained in the PHYLIP software package (Felsenstein, 1993) . In each case, bootstrap values were calculated based on 1000 replications. An almost-complete 16S rRNA gene sequence (1467 bp) of strain T was compared against 16S rRNA gene sequences available from the EzTaxon server (Chun et al., 2007) , the Ribosomal Database Project (Maidak et al., 2001 ) and the GenBank database (http:// www.ncbi.nlm.nih.gov/BLAST). The 16S rRNA gene sequence analysis indicated that strain T belonged to the family Vibrionaceae in the class Gammaproteobacteria. Strain T formed a distinct subline within the genus Vibrio in the neighbour-joining tree ( Fig. 1 and Supplementary Fig. S1 , available in IJSEM Online). Strain T formed a coherent clade with V. porteresiae MSSRF30 T , Vibrio cholerae and Vibrio mimicus. The overall topologies of the phylogenetic trees obtained with the maximumlikelihood and maximum-parsimony methods were similar. Sequence similarity calculations (over 1400 bp) indicated that strain T was closely related to Vibrio porteresiae MSSRF30 T (94.8 % 16S rRNA gene sequence similarity), V. cholerae CECT 514 T (93.9 %) and V. mimicus ATCC 33653 T (93.6 %). Lower sequence similarities were observed with the representative members of all other species listed in Fig. 1 .
The rpoA, recA and pyrH genes were amplified and sequenced according to Thompson et al. (2005) and Sawabe et al. (2007) . The amplification and sequencing primers used for the rpoA, recA and pyrH genes are listed in Supplementary Table S1 . Analysis of the rpoA gene sequence also supported the phylogenetic position of strain KTW-12 T within the genus Vibrio. The novel strain showed 82.0 % sequence similarity with V. porteresiae MSSRF30 T and 79.0-85.0 % similarity with respect to all of the recognized species of the genus Vibrio (Supplementary Fig.  S2 ). For example, the analysis pointed to 85.0 % gene sequence similarity with Vibrio fischeri LMG 4414 T , 83.8 % with V. cholerae LMG 21698 T and 83.9 % with V. mimicus LMG 7896
T . A pairwise analysis of the recA sequence of strain T revealed 82.5 % similarity with V. porteresiae MSSRF30 T and 81.1-85.0 % similarity with respect to all of the recognized species of the genus Vibrio (Supplementary Fig. S3 ). For example, the analysis pointed to 85.0 % gene sequence similarity with Vibrio diazotrophicus LMG 7893 T , 84.1 % with V. cholerae LMG 21698 and 84.0 % with V. mimicus LMG 7896 T . The pyrH gene sequence analysis also supported the phylogenetic position of strain T within the genus Vibrio as this strain showed low levels of sequence similarity, 74.6-77.7 %, with respect to all of the recognized species of the genus Vibrio, and the analysis pointed to 75.9 % gene sequence similarity with V. porteresiae MSSRF30 T . A phylogenetic tree showing this relationship is available as Supplementary Fig. S4 . The low gene sequence similarity values between strain KTW-12 T and recognized species of the genus Vibrio for each of the four genes confirmed that the novel strain did not belong to any of the currently recognized species of the genus Vibrio (Thompson et al., 2005) . The neighbourjoining phylogenetic tree (Fig. 2) based on concatenated sequences of the four genes, 16S rRNA (1337 bp), rpoA (921 bp), recA (696 bp) and pyrH (486 bp), confirmed that strain T formed a branch that was not clustered with any other known species of the genus Vibrio.
The physiological, biochemical and morphological characteristics of strain T are given in the species description, Table 2, and Supplementary Tables S2 and S3 . Phenotypic examination revealed many common traits between the novel strain and its closest relatives, V. porteresiae MSSRF30 T , V. cholerae and V. mimicus. Furthermore, the novel strain could be differentiated from the two close relatives V. cholerae and V. mimicus by the following combination of properties: presence of arginine dihydrolase activity, production of acid from sorbitol, utilization of cellobiose and D-xylose, absence of cell motility, indole production and lysine decarboxylase and ornithine decarboxylase activities, no growth in TCBS, inability to hydrolyse casein and gelatin and to utilize D-galactose, maltose, trehalose, gluconate and histidine (Supplementary Table S3 ).
On the basis of the data obtained from phylogenetic analysis (multilocus sequence analysis using 16S rRNA, rpoA, recA and pyrH genes), strain T occupies a distinct position within the genus Vibrio. The phylogenetic insight was supported by the unique combination of chemotaxonomic and biochemical characteristics of the novel strain. It is clear from the phylogenetic and phenotypic data that strain KTW-12
T constitutes a . All data from this study. Both strains were grown on MA at 25 u C for 3 days. Values are percentages of the total fatty acids; -, not detected. Fatty acids amounting to ,1 % are not shown. For unsaturated fatty acids, the position of the double bond is located by counting from the methyl (v) end of the carbon chain. cis isomer is indicated by the suffix c. member of the genus Vibrio. The name Vibrio stylophorae sp. nov. is proposed for this taxon.
Description of Vibrio stylophorae sp. nov.
Vibrio stylophorae (sty.lo.pho9ra.e. N.L. gen. n. stylophorae of Stylophora, isolated from a coral belonging to the genus Stylophora). . All data from this study except for DNA G+C content of V. porteresiae (Rameshkumar et al., 2008) . +, Positive reaction; 2, negative reaction. Both strains are Gram-negative, positive for oxidase, catalase, DNase, alkaline phosphatase, C8 esterase lipase, leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities, assimilation of glucose, mannitol and Nacetylglucosamine, fermentation of glucose, mannitol and xylose, and acetoin production. Both strains are negative for urease, C14 lipase, trypsin, a-chymotrypsin, a-glucosidase, a-mannosidase and afucosidase activities, indole production, assimilation of caprate, hydrolysis of starch, lipid, alginate and Tweens 40, 60 and 80, hydrogen sulfide production, fermentation of inositol, adonitol and raffinose, and lysine decarboxylase, ornithine decarboxylase and arginine dihydrolase activities. 
